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ABSTRACT
We analyze the K2 light curve of the TRAPPIST-1 system. The Fourier analysis of the data suggests Prot = 3.295±0.003 days.
The light curve shows several flares, of which we analyzed 42 events with integrated flare energies of 1.26 × 1030 − 1.24 × 1033
ergs. Approximately 12% of the flares were complex, multi-peaked eruptions. The flaring and the possible rotational modulation
shows no obvious correlation. The flaring activity of TRAPPIST-1 probably continuously alters the atmospheres of the orbiting
exoplanets, making these less favorable for hosting life.
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Figure 1. K2 light curve of TRAPPIST-1. Epochs where complex
flare events occurred are marked with shaded areas.
1. INTRODUCTION
TRAPPIST-1 (2MASS J23062928-0502285) is an ultra-
cool, M8-type dwarf, which is known to host seven terres-
trial planets, with three of them having equilibrium temper-
atures that makes the existence of liquid water on their sur-
face possible (Gillon et al. 2016, 2017). The discovery obvi-
ously raised the question of the planetary habitability. This
involves several complex factors, one of them being the mag-
netic activity of the host star, as a large fraction of M dwarfs
has been observed to be magnetically active. Numerous high
energy events (e.g., flares) could erode the atmospheres of
these worlds that are located very close to their host star
and render them uninhabitable over time (Khodachenko et
al. 2007; Yelle, Lammer, & Ip 2008). TRAPPIST-1 indeed
seems to exhibit chromospheric activity as shown by its Hα
emission level (Gizis et al. 2000; Reiners & Basri 2010) and
significant X-ray and EUV (XUV) radiation (Wheatley et al.
2017). Lyman-α observations suggest moderate activity, al-
though the detected XUV radiation could be strong enough
to strip the atmospheres of the inner planets in a few billions
years (Bourrier et al. 2017). In this paper we examine raw
cadence K2 observations from the Kepler Space Telescope
in order to retrieve information about its activity and impacts
on habitability.
2. OBSERVATIONS
During this analysis, only uncalibrated (raw) K2 measure-
ments are available for the community. In order to an-
alyze the K2 images and extract flux variations from the
raw K2 data series, we converted the uncalibrated per-pixel
time series to numerous individual image files. These raw,
per-cadence FITS files were converted to individual image
stamps by involving various tasks of the FITSH package (Pa´l
2012). Although the transposed version of these data (i.e.,
target pixel files) has been made available for TRAPPIST-1
almost immediately, we chose this approach in order to have
the possibility to incorporate pointing information retrieved
from the nearby stamps. Handling uncalibrated data yields
more prominent systematics which are inducted directly by
the different sensitivity of the neighboring pixels and, hence,
indirectly by the pointing jitter - which is comparable with
the FWHM of the instrumental PSF in the case of K2. In the
following, we detail how these systematics can be reduced
while the the amplitude and shape of the flare-like events are
not distorted.
In total, 107968 short cadence (SC) image stamps are
available for this campaign. For all of these frames, we com-
puted the flux-weighted centroid of the target PSF and search
for discontinuities and/or outliers in the x and y positions.
This particular background, readout and shot noise level of
the target star allowed us to obtain an RMS of ∼ 0.005 pix-
els in the time series of the centroid positions. We note here
that this statistical RMS agrees well with the per-image for-
mal uncertainties of the centroid positions estimated directly
from the aforementioned noises and the PSF shape.
By rejecting obvious cases (e.g., frames acquired during
reaction wheel momentum resaturation phases) as well as in-
dividual lower quality images (affected by cosmic hits, etc.),
we involved 100337 SC images in the further analysis. We
note here in this data series, that there are 216 distinct sec-
tions where the pointing were stabilized only by the control
of the two reaction wheels.
Analyzing and extracting flux variations related flare activ-
ity needs a different approach what is used in highly precise
photometric measurements (such as searching for planetary
transits). This is even crucial in the case of K2 where the
resaturation phases occur in periods of ∼ 6 hours which is
comparable to the time scales of the flares. Hence, we per-
formed a global decorrelation of the light curve by involving
a function having a part built from sine and cosine of the
fractional pixel coordinates, namely
N∑
k=0
N∑`
=0
[
A[x][y]k` cos(2pik∆x) cos(2pi`∆y)+ (1)
B[x][y]k` cos(2pik∆x) sin(2pi`∆y) +
C[x][y]k` sin(2pik∆x) cos(2pi`∆y) +
D[x][y]k` sin(2pik∆x) sin(2pi`∆y)
]
.
Here ∆x and ∆y are the fractional centroid coordinates (i.e.
0 ≤ ∆x,∆y < 1), [x] and [y] refers to the integer part of
the centroid coordinates – and hence x = [x] + ∆x and
y = [y] + ∆y. Furthermore, we extended the decorrela-
tion function with additional terms proportional to the fitted
shape parameters of the PSF (in order to decorrelate against
changes in the effective focal distance). Of course, the un-
biased light curve RMS would even be smaller by consid-
ering a different set of A[x][y]k`, B[x][y]k`, . . . coefficients on
each section between two subsequent resaturation phases, but
here we incorporated a global fit in order to avoid any aliases
from the similarities between flare events and trends arising
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




     
	
 











     
 




	







     
 




	






    



	


 

 !" #$%
Figure 2. Fourier analysis of the cleaned and binned data. Top
plot shows the Fourier spectrum of the light curve, the middle plots
show the same analysis performed on the x and y coordinates of
TRAPPIST-1 on the CCD to reveal instrumental artifacts (see text
for details). The spectral window is show in the bottom plot.
from thruster usage. In the above procedure we used an iter-
ative sigma-clipping technique to perform the linear regres-
sion that yields the respective coefficients. By analyzing the
obtained light curve, we found that its sigma-clipped RMS
is only larger by 10% than the expected photometric uncer-
tainty derived from the background, readout and shot noise.
3. FOURIER ANALYSIS
Fourier analysis of the light curve was performed using
MUFRAN1 (Kolla´th 1990) – a code that can do discrete
Fourier transformation of data and pre-whiten light curves
with the detected frequencies. For the analysis we used the
detrended dataset manually cleaned from flares and binned to
0.05 days. The resulting Fourier spectra and spectral window
are plotted in Fig. 2.
1 http://www.konkoly.hu/staff/kollath/mufran.html
One important feature of the K2 data is the presence of
instrumental trends. Without stabilization around the third
axis, the instrument slowly rolls about its optical axis which
causes a rotation of the field of view. This is corrected by
the on-board thrusters in ≈6-hour periods. These corrections
cause artifacts in the Fourier spectrum at 5.87 and 5.91 hours
( fcorr = 4.085180 and 4.068396 days−1). Our values some-
what differ from artifacts in earlier data (e.g. Pa´l et al. 2015),
as the corrections have been refined over time. The artifacts
can be identified by performing the Fourier analysis on the x
and y coordinates of the target (also shown in Fig. 2).
The most significant peak in the light curve is at f =
0.303469 days−1, P1 = 3.295 ± 0.003 days, as also found by
Luger et al. (2017). This probably corresponds to the rotation
period of the spotted star. Interestingly, Gillon et al. (2016)
identified Prot = 1.40±0.05d from ground-based TRAPPIST
photometry. This latter value is consistent with the measured
v sin i = 6 ± 2 km s−1 (Reiners & Basri 2010), that yields
Prot = 0.9866d (0.74–1.48 days with the given error) using
R = 0.117R (Gillon et al. 2016) and assuming i = 90◦.
However, our Fourier spectrum of the K2 light curve does
not show any significant feature indicating a similar rotation
period.
After pre-whitening the light curve with this signal, a
weaker peak remains with f = 0.342994 days−1, P2 = 2.915
days. Such signals nearby the rotational frequency are of-
ten associated with differential rotation, however, this would
yield to a strong surface shear (P1 − P2)/P of ≈0.12, which
is incompatible with such a rapidly rotating and actually fully
convective M dwarf.
Two longer signals are also present, corresponding to 22.3
and 37.5 days, but from the x and y coordinates of the star
we get similar signals of 25–26 days as well, therefore the
reality of these periods are questionable.
4. FLARES IN THE LIGHT CURVE
The K2 light curve indicates strong flaring activity on
TRAPPIST-1. We identified 42 flare events in the data by vi-
sual inspection of the detrended light curve. Of these events,
5 (12%) were complex, multi-peaked eruptions, plotted in
Fig. 3. This ratio is quite similar to that found in the
much larger sample of the M4-type GJ 1243 (Silverberg et
al. 2016).
4.1. Flare energies
The energies of these events were estimated following the
method of Ko˝va´ri et al. (2007). This method is based on
integrating the flare intensity over its duration, which yields
the relative flare energy (also often mentioned as equivalent
duration in the literature):
ε f =
∫ t2
t1
(
I0+ f (t)
I0
− 1
)
dt,
4 Vida et al.
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Figure 3. Light curves of the five complex flare events.
where the intensity is calculated from the magnitude:
I0+ f (t)
I0
= 10
∆mK p
2.5 .
Here, I0+ f and I0 are the intensity values of the flaring and
the quiescent stellar surfaces, respectively. From the relative
flare energy, ε f , the integrated energy of the flare event can
be calculated by multiplying it by the quiescent stellar flux:
E f = ε f F?.
The quiescent flux can be estimated if we assume black body
radiation from the effective temperature Teff = 2550 K and
radius R = 0.117R (Gillon et al. 2016):
F? =
∫ λ2
λ1
4piR2F (λ)S K p(λ)dλ.
Figure 4. Cumulative flare frequency distribution fitted by a linear
function
Here, F (λ) is the power function and S K p(λ) is the Kepler
response function. The derived energies and their occurrence
rates are plotted in Fig. 4. The detection of the smallest
flare events is limited by the light curve scatter (typically ≈
0.01 magnitude) and, mainly, the sampling of the data (≈ 59
seconds), thus, the weakest events appear only as a single
measurement point (these were not analyzed as they could
be of instrumental origin). The weakest analyzed event in our
study has E f = 1.26 × 1030 erg, while the strongest eruption,
having a K p = 1.78 mag peak, produced E f = 1.24 × 1033
erg energy.
If dN is the number of flares in the energy range E + dE
then the following power law can be written
dN(E) ∝ E−αdE,
(see e.g. Hawley et al. 2014, and the references therein). By
integrating, the cumulative flare frequency distribution can
be expressed in logarithmic form as
log ν = a + β log E
where ν is the cumulative frequency of flares with a given en-
ergy larger than E, while β = 1 − α (Gizis et al. 2017). This
relationship, seen in Fig. 4, can be fitted by a linear function,
giving the slope 1 − α, where α is often used to character-
ize how the flare energy is dissipated. The best fit yields
α = 1.59, suggesting that TRAPPIST-1 flare energies are
mostly nonthermal (cf. Aschwanden et al. 2016), similarly to
other very active M dwarfs in the Hawley et al. (2014) sam-
ple. The flare energies detected on TRAPPIST-1 are some-
what higher to those found on the other nearby planet-hosting
M5.5-class Proxima Centauri, where Davenport et al. (2016)
reported eruptions with 1029 − 1031.5 erg energies based on
MOST observations, with a similar flaring activity character-
ized by α = 1.68.
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Figure 5. Top: phased light curve of TRAPPIST-1. Triangles mark
the phases of analyzed flare events. Middle: phases light curve of
TRAPPIST-1 showing the possible rotational modulation of 3.295
days (every 100 points plotted). Green line shows a median of the
data. Bottom: histogram showing the flare occurrence rate in differ-
ent phases.
4.2. Possible connection between flares and spotted regions
If we accept the dominant signal in the Fourier spectrum
(P1 = 3.295 ± 0.003 days) as a modulation caused by the
rotation of the spotted surface, we can evaluate if there is
any connection between cool surface spots and flaring ac-
tivity that could indicate a connection of photospheric and
chromospheric activity, as seen on the Sun and also found on
other stars, e.g. on the BY Dra-type EY Dra (Korhonen et
al. 2010) or V374 Peg (Vida et al. 2016) and other BY Dra-
type stars (Pandey, Singh, Drake, & Sagar 2005, e.g.); on
the K-dwarf PW And (Lo´pez-Santiago, Montes, Ferna´ndez-
Figueroa, & Ramsey 2003); RS CVn-type binaries, e.g. II
Peg, and λ And (Frasca et al. 2008); and on the W UMa-type
VW Cep (Frasca, Sanfilippo, & Catalano 1996).
Figure 6. The complex flare event on HJD 2457812. The inset on
the left shows the two earlier eruption that could be connected with
the large flare, while the one on the right shows two further possible
eruptions after subtracting an analytical fit. Each model is plotted
with different color. The sum is plotted with a dashed grey line. See
text for further details.
In Fig. 5 we plotted the light curve phased with the follow-
ing ephemeris:
HJD = 2457738.362703 + 3.295 × E.
With this phasing we find that flares can be found at every
phase, although they are somewhat more frequent at the light
curve minimum (around phase 0.25), i.e, where the surface
spottedness is higher. Interestingly, the strongest flares seem
to appear around the light curve maximum (phases 0.55–
0.75). This behaviour is very similar to the somewhat hot-
ter, but still fully convective M4-type V374 Peg (Vida et al.
2016).
4.3. The complex flare event at HJD 2457812
The light curve shows several complex flare events (shown
in Fig. 3), of these the largest occurred at HJD 2457812 (on
day 74 in the light curve). This event consisted of three large
eruptions, and at least two smaller ones. We fitted the event
with the sum of three separate analytical flare models follow-
ing the method and parametrization described in Davenport
et al. (2014), shown in Fig. 6. After the subtraction of the fit
from the light curve, two smaller eruptions are suspected on
the decay phase of the complex event (see the inset in Fig.
6).
It is possible, that this complex flare was triggered by an
earlier event. Such events, called sympathetic eruptions,
are often seen on the Sun, but they were observed also on
other stars (e.g. Vida et al. 2016 and references therein).
Since the median waiting time between consecutive flares on
TRAPPIST-1 is 28.1 hours, and the two smaller flares oc-
curred approximately 7.7 and 3.4 hours earlier before the
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main eruption, they are likely to be connected with each
other. One interesting similar example that is known in de-
tails is the 2010 August event on the Sun, which was mod-
elled by To¨ro¨k et al. (2011). According to the model, these
sympathetic flares are triggered by nearby eruptions in an ap-
propriate magnetic field structure of the corona.
5. DISCUSSION
Venot et al. (2016) examined the possible influence of stel-
lar flares on the orbiting exoplanets and their atmosphere.
The basis of their analysis was the great flare on AD Leo in
1985 observed in high detail with both UV spectroscopy and
high temporal resolution multi-passband photometry (Haw-
ley & Pettersen 1991). That complex flare event on AD Leo,
which has by chance very similar light curve shape to the
largest flare seen in the K2 light curve of TRAPPIST-1, has
an amplitude of V ≈ 0.5 magnitude. Venot et al. (2016) con-
cluded, that atmosphere of the two super-Earth-like hypothet-
ical planets, that would orbit AD Leo, would be altered irre-
versibly and significantly after such eruption. Their model
suggests that the post-flare steady state would only return on
the scale of ≈ 30000 years, thus, the planetary atmosphere
would be constantly altered by eruptions due to the high flar-
ing rate. Although the flaring frequency on TRAPPIST-1 is
somewhat lower than on AD Leo, the flaring rate derived
from the K2 data suggests that the planetary atmospheres
in the TRAPPIST-1 systems would not have a steady state,
which is disadvantageous for hosting life.
These eruptions pose a threat to habitability, since during
a flare the UV radiation level is also increased, that can both
erode planetary atmospheres on the long term, and directly
harm life on the surface. Segura et al. (2010) suggested that
stellar flares do not necessarily affect directly the habitability,
as much of the UV radiation can be absorbed by photochem-
ical reactions in the stratosphere (supposing an Earth-like at-
mosphere), which would prevent it from reaching the plan-
etary surface. However, the authors also suggest that due to
the repeated flare events the atmosphere of the planet can be
continuously disturbed – these long-term effects still need to
be understood. Such UV absorbers, like ozone in the plane-
tary atmosphere, can reduce the negative effects of the flares
– the detection of such atmospheric features would suggest
that the planets are more likely to have habitable environ-
ments (Rugheimer et al. 2015; O’Malley-James & Kalteneg-
ger 2017).
We can also do a rudimentary estimation how such erup-
tion changes temporarily the limits of the habitable zone
based on the model of Kopparapu et al. (2013). In quies-
cent state of TRAPPIST-1, the conservative habitable zone
for a 1 Earth mass planet spreads between 0.024–0.049 AU
(Teff = 2550K, L/L = 0.000525). During the flare, suppos-
ing 1–1.5 magnitude brightening of the star, resulting in an
increased luminosity of L/L =0.0013–0.0021. These val-
ues yield to the habitable zone limits of 0.038–0.077 and
0.048–0.097 AU respectively, a very significant change. Of
course, the short time scale of a flare is too brief to signifi-
cantly change surface temperatures of the planets and actu-
ally shift the habitable zone boundaries, although the possi-
ble cumulative effect of flaring may still change the habitable
zone boundaries compared to the conservative models which
take into account only the quiescent stellar flux. Our simple
estimation illustrates well the magnitude of energy changes
in the planetary system caused by the increased stellar en-
ergy output during a strong flare. This very crude calculation
also indicates, that habitability around TRAPPIST-1 and sim-
ilar late-type dwarfs could be questionable. However, further
spectroscopic observations of the TRAPPIST-1 system could
help us to understand how the magnetic activity of the host
star influences planetary atmospheres and possibly interact
with their magnetic field.
It is possible however, that a sufficiently strong magnetic
field of the orbiting exoplanet could shield the atmosphere
from the harmful effects of such eruptions. Kay, Opher, &
Kornbleuth (2016) found that for typical coronal mass ejec-
tion (CME) masses and speeds measured on M dwarfs, the
orbiting rocky planets would need magnetic fields between
tens to hundreds of Gauss, while hot Jupiters would only re-
quire magnitudes between a few and 30 G. The authors con-
cluded that rocky exoplanets possibly could not generate suf-
ficient magnetic field to shield their atmosphere from these
eruptions (e.g., Earth exhibits a magnetic field of ≈ 0.5 G).
According to Vidotto et al. (2013) planetary magnetic fields
should be stronger. An Earth-like planet in the habitable zone
around an M-dwarf should have magnetic fields of the order
of ≈ 10 − 103 Gauss in order to possess a magnetosphere
comparable to that of the present-day Earth.
Moreover, typical solar flares release energies of the order
of 1027 − 1032 erg. One of the most energetic event, known
as the ’Carrington Event’ in 1859 released about 1033 erg en-
ergy and resulted in one of the strongest geomagnetic storms
reaching the surface of the Earth. Such powerful flares (and
possibly related CMEs) on TRAPPIST-1 occur more often,
and hit the planetary surfaces from much shorter distances
of ≈ 0.011 − 0.063 AU (Gillon et al. 2017). This implies
that magnetic storms in the TRAPPIST-1 exoplanetary sys-
tem can be 102 − 104 times stronger than the most powerful
geomagnetic storms on Earth, which also would question the
existence of a complex, highly organized life in this system.
The flaring activity of the TRAPPIST-1 system does not
necessarily rule out the existence of life, but it raises doubts
of hosting life as we know it on Earth. The conditions in the
TRAPPIST-1 system are probably rather hostile for an Earth-
like biosphere, but even on Earth, there are organisms that
can tolerate extreme conditions. It is possible that biota of the
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TRAPPIST-1 system can survive the activity of the host star
by living underground or underwater, or e.g. by using photo-
protective biofluorescence as theoretized by O’Malley-James
& Kaltenegger (2016). However, the constantly changing
planetary atmospheres will make the detection of biomark-
ers much more difficult.
These questions on habitability are important, since the es-
timated age of TRAPPIST-1, which is at least 500 Myr (Fil-
ippazzo et al. 2015) (Luger et al. 2017 estimated 3–8 Gyr)
could make possible the formation of life in ideal condi-
tions, as the earliest life on Earth dates back to approximately
4 Gyrs (Dodd et al. 2017), although complex life took much
longer time to form (see Grosberg & Strathmann 2007 and
references therein).
6. SUMMARY
• The Fourier spectrum of the light curve indicates a pos-
sible rotation period of Prot = 3.295 ± 0.003 days;
• The light curve shows several flares with integrated
flare energies of 1.26×1030−1.24×1033 ergs, of these
≈ 12% are complex, multi-peaked;
• We did not find an obvious correlation between the
spottedness and flaring activity;
• The frequent strong flares of TRAPPIST-1 are prob-
ably disadvantageous for hosting life on the orbiting
exoplanets, as the atmospheres of the exoplanets are
constantly altered and cannot return to a steady state,
however, this magnetic activity does not necessarily
rule out the possibility of life.
We thank an anonymous referee for helpful comments and
suggestions. The authors thank the useful discussion with L.
Sa´gi. This work has used K2 data from the proposal number
GO12046. Funding for the Kepler and K2 missions is pro-
vided by the NASA Science Mission directorate. The authors
acknowledge the Hungarian National Research, Develop-
ment and Innovation Office grants OTKA K-109276, OTKA
K-113117, and supports through the Lendlet-2012 Program
(LP2012-31) of the Hungarian Academy of Sciences, and the
ESA PECS Contract No. 4000110889/14/NL/NDe. KV is
supported by the Bolyai Ja´nos Research Scholarship of the
Hungarian Academy of Sciences.
REFERENCES
Aschwanden, M. J., Holman, G., O’Flannagain, A., Caspi, A.,
McTiernan, J. M., & Kontar, E. P. 2016, ApJ, 832, 27
Bourrier, V., et al. 2017, A&A, 599, L3
Davenport, James R. A., Hawley, Suzanne L., Hebb, Leslie;
Wisniewski, John P., Kowalski, Adam F., Johnson, Emily C.,
Malatesta, Michael, Peraza, Jesus, Keil, Marcus, Silverberg,
Steven M., Jansen, Tiffany C., Scheffler, Matthew S., Berdis,
Jodi R., Larsen, Daniel M.,& Hilton, Eric J. 2014, ApJ, 797, 122
Davenport, J. R. A., Kipping, D. M., Sasselov, D., Matthews, J. M.,
& Cameron, C. 2016, ApJL, 829, L31
M. S. Dodd, D. Papineau, T. Grenne, J. F. Slack, M. Rittner, F.
Pirajno, J. ONeil & Crispin T. S. Little, 2017, Nature, 543, 60-64
Filippazzo, J. C., Rice, E. L., Faherty, J., Cruz, K. L., Van Gordon,
M. M., & Looper, D. L. 2015, ApJ, 810, 158
Frasca, A., Sanfilippo, D., & Catalano, S. 1996, A&A, 313, 532
Frasca, A., Biazzo, K., Tas¸, G., Evren, S., & Lanzafame, A. C.
2008, A&A, 479, 557
Gillon, M., et al. 2016, Nature, 533, 221
Gillon, M., et al. 2017, Nature, 542, 456
Gizis, J. E., Monet, D. G., Reid, I. N., Kirkpatrick, J. D., Liebert,
J., & Williams, R. J. 2000, AJ, 120, 1085
Gizis, J. E., Paudel, R. R., Mullan, D., Schmidt, S. J., Burgasser,
A. J., & Williams, P. K. G. 2017, ArXiv e-prints, 1703.08745
Grosberg, R., Strathmann, R. R., 2007, Annu. Rev. Ecol. Evol.
Syst. 38, 62154
Hawley, S. L., Davenport, J. R. A., Kowalski, A. F., Wisniewski,
J. P., Hebb, L., Deitrick, R., & Hilton, E. J. 2014, ApJ, 797, 121
Hawley, S. L., & Pettersen, B. R. 1991, ApJ, 378, 725
Kay, C., Opher, M., & Kornbleuth, M. 2016, ApJ, 826, 195
Khodachenko, M. L., et al. 2007, AsBio, 7, 167
Kolla´th, Z., Konkoly Observatory Occasional Technical Notes, 1
Kopparapu, R. K., et al. 2013, ApJ, 765, 131
Korhonen, H., Vida, K., Husarik, M., Mahajan, S., Szczygieł, D.,
& Ola´h, K. 2010, Astronomische Nachrichten, 331, 772
Ko˝va´ri, Zs., Vilardell, F., Ribas, I., Vida, K., van Driel-Gesztelyi,
L., Jordi, C., & Ola´h, K. 2007, Astronomische Nachrichten, 328,
904
Lo´pez-Santiago, J., Montes, D., Ferna´ndez-Figueroa, M. J., &
Ramsey, L. W. 2003, A&A, 411, 489
Luger, R., et al. 2017, ArXiv e-prints, arXiv:1703.04166
O’Malley-James, J. T., & Kaltenegger, L. 2016, arXiv:1608.06930
O’Malley-James, J. T., & Kaltenegger, L. 2017, MNRAS Let.
slx047, arXiv:1702.06936
Pa´l, A. 2012, MNRAS, 421, 1825
Pa´l, A., Szabo´, R., Szabo´, G. M., Kiss, L. L., Molna´r, L.,
Sa´rneczky, K., & Kiss, C. 2015, ApJ, 804, L45
8 Vida et al.
Pandey, J. C., Singh, K. P., Drake, S. A., & Sagar, R. 2005, AJ,
130, 1231
Reiners, A., & Basri, G. 2010, ApJ, 710, 924
Rugheimer, S., Kaltenegger, L., Segura, A., Linsky, J., & Mohanty,
S. 2015, ApJ, 809, 57
Segura, A., Walkowicz, L. M., Meadows, V., Kasting, J., &
Hawley, S. 2010, Astrobiology, 10, 751
Silverberg, S. M., Kowalski, A. F., Davenport, J. R. A.,
Wisniewski, J. P., Hawley, S. L., & Hilton, E. J. 2016, ApJ, 829,
129
To¨ro¨k, T., Panasenco, O., Titov, V. S., et al. 2011, ApJL, 739, L63
Venot, O., Rocchetto, M., Carl, S., Roshni Hashim, A., & Decin, L.
2016, ApJ, 830, 77
Vida, K., et al. 2016, A&A, 590, A11
Vidotto, A. A., Jardine, M., Morin, J., Donati, J.-F., Lang, P., &
Russell, A. J. B. 2013, A&A, 557, A67
Wheatley, P. J., Louden, T., Bourrier, V., Ehrenreich, D., & Gillon,
M. 2017, MNRAS, 465, L74
Yelle, R., et al. 2008, Space Science Reviews, 139, 437
